This paper reviews a number of recent social science publications on the nature and causes of food insecurity in low and middle-income countries. The focus is on one specific element of food insecurity, vitamin A deficiency, which is widespread in developing countries and causes blindness and early death among millions of children. A new approach in the fight against vitamin A deficiency is 'Golden Rice'. The paper explores the pros and cons of this recently developed transgenic rice variety, and tries to answer the question whether in this particular case, genetic modification technology provides a solution to food insecurity. It is concluded that Golden Rice is one of the options available, but not necessarily the most effective one.
Introduction
The January 2000 issue of Science published an article of a Swiss-German research group on the development of genetically modified rice that produces high levels of beta-carotene and carotenoids, precursors to vitamin A (Ye et al., 2000) . The yellowish rice, dubbed 'Golden Rice', is the Taipei 309 variety in which three genes have been inserted -two from a daffodil and one from a bacterium. The new variety has attracted broad media coverage. Amid a rising public opposition to genetically modified foods, particularly in Western Europe and several Asian developing countries, such as India and the Philippines, 'Golden Rice' could be presented as the first transgenic variety that addresses a major human malnutrition problem. The high levels of beta-carotene make the rice a potential tool to help combat Vitamin-A deficiency (VAD), which is widespread in low-income countries. In the words of the research leader, 'Golden Rice' shows that: '[t] his technology has been used to solve an urgent need and to provide a clear benefit to the consumer, and especially the poor and disadvantaged ' (Potrykus, 2000) .
Another salient feature of this transgenic rice variety is that the intellectual property right holders have donated the technology required for its design.
After the inventors nearly got stuck in the huge pile of around 60 material transfer agreements and patents prohibiting the free use of their invention (Kryder et al., 2000) , they initiated lengthy negotiations with the industry. Eventually, in February 2001, they were able to strike a deal with Syngenta, Monsanto, Bayer and various other companies that held the patents. While keeping the commercial marketing rights in high-income countries, the companies eventually agreed to donate the technology freely to a humanitarian project that would foster the introduction of 'Golden Rice' to developing countries.
Whereas the inventors assumed that the new rice variety addresses all the concerns of the critics of genetic modification (GM) technology (Potrykus, 2000) , their publication evoked an international public debate. Environmental protection organizations and agricultural development NGOs disapprove of 'Golden Rice' for various ecological, cultural and political reasons. They consider the biotechnology industry to be part of the problem of hunger. Industrial agriculture is blamed for the reduction of agricultural biodiversity to a few varieties of a few crops that diminished dietary diversity, resulting in nutrition deficiencies. 'Golden Rice' would deepen the genetic reductionism of the Green Revolution (cf. BIOTHAI et al., 2001; Brac de la Perriere, 2000; Greenpeace, 2000; Shiva, 2000) .
The biotechnology corporations are among the strong supporters of the 'Golden Rice' technology. The industry is optimistic about the fruits of GM technology, and considers itself a part of the solution to hunger. With respect to hunger, the website of the Council for Biotechnology Information (CBI) (1) states that 'few advances offer a more feasible way to help put an end to this suffering than biotechnology. With the help of biotechnology, more food -food even richer in necessary vitamins -can be produced, and crops in underdeveloped nations can be protected from the ravages of insects, diseases and even inclement weather. ' (CBI, 2001) .
Whilst the arguments of the NGOs may not always be convincing, those of the industry are not much better. Over the past two decades, the industry has been trying to convince the public that it is able to feed the world, and that GM technology is badly needed to halt and prevent global human misery. The argumentation of the industry comes down to the following: (a) There are many hungry people in the world, which is a problem; (b) The industry can produce much more and better food with GM technology; (c) Hence the biotechnology industry is able to solve a major human problem.
This industrial analysis of the world's food problem is too simple. It lacks any attention to the precise nature of hunger, to the various causes, and to the many potential solutions that exist and of which GM technology may be one. The ill-considered industrial conception of what the food problem precisely is has undeniably fuelled the controversy over GM technology.
The intention of this paper is to address this blank spot in analysis. It explores the determinants of hunger, and examines whether biotechnology and 'Golden Rice' in particular could indeed be an answer to food insecurity. The paper starts off with a review of selected, recent social science publications on food insecurity and the role of biotechnology. The second section focuses on vitamin A deficiency and the various strategies to resolve it. Then, in the third section, the potential role of 'Golden Rice' in combating vitamin A deficiency in low and middle-income countries is discussed. Finally, some conclusions are drawn on stakeholder management of the biotechnology industry.
Food insecurity
Analysis of food security problems raises manifold questions: what does the concept of food insecurity mean? Where does it occur? What is its magnitude? How it can be measured? What are the causes? How can it be resolved? In order to find some answers on these questions a couple of recent and influential social science publications on these issues are reviewed (Lipton, 1999; Persley, 2000; Pinstrup-Andersen, 1999 ; Royal Academy of Sciences et al., 2000; Smith et al., 2000) . Throughout these publications, there is considerable consensus in the analysis of the world's hunger problems. (2) The general conclusions can be summarized as follows: (a) Although slowly declining, hunger is still widespread, especially in Sub-Saharan Africa and South Asia; (b) Poverty causes hunger, not lack of food; (c) Rural, employment-based income is required to reduce hunger; (d) Biotechnology is not the 'silver bullet', but one option among others. Each conclusion is explained in more detail below.
Although slowly declining, hunger is still widespread, especially in Sub-Saharan Africa and South Asia
From a planetary perspective there is hardly a food problem. On the contrary, food is abundant. Global food supply is sufficient to meet the food needs of the world's population, and is expected to be sufficient throughout the first two decades of this century. There is consensus among various projections that, although the world agricultural growth rate has decreased from 3% in the 1960s to 2% in the 1990s, world food supply will continue to outpace world population growth. With increased production and imports, per capita food availability in the developing world is projected to increase by about 9% between 1995 and 2020 (Pinstrup-Andersen et al., 1999 . Nevertheless, over 840 million people are estimated to be food insecure; they suffer from chronic undernourishment, as their consumption of food is vulnerable to shortfalls and not sustainable. Many more are considered to be nutrition insecure, as they lack secure access to a nutritionally adequate diet and suffer from deficiencies of protein and essential micronutrients, such as iodine, vitamin A and iron. Smith et al. (2000) have estimated the magnitude of food and nutrition insecurity by using three indicators: the daily per capita dietary energy balance (DEB) (3), absolute poverty (4) and child malnutrition. (5) According to their research, South Asia has by far the highest rate of child malnutrition, almost half of all children under five. This figure is more than 50% of all developing country children coping with nutrition insecurity, and indicates a massive food and nutrition insecurity problem in the region. The countries with the severest problems are Bangladesh (with the world's highest child malnutrition rate of 56%), India and Nepal. In East and Southeast Asia, the average prevalence of child malnutrition is 23%, while in SubSaharan Africa one child in three is underweight. The Near East and North Africa as well as Latin America and the Caribbean have the lowest rates of child malnutrition of all developing countries. Overall, food insecurity is generally higher in rural than in urban areas.
By most projections, both food and nutrition insecurity are on the decline in developing countries as a whole. Child malnutrition in Southeast Asia is falling rapidly, at around one percent point per year. It is declining more slowly in South Asia (by half a per cent point a year), where it is expected to remain relatively high compared to other regions well into the present century. The only region in which food insecurity is expected to increase over the next 20 years is Sub-Saharan Africa (Smith et al., 2000, p. 205) .
Poverty is causing hunger, not the lack of food
Food problems in low and middle-income countries are not caused by inadequacies at the supply side, but rather at the demand side. Poverty is considered to be the most widespread cause of food insecurity. Many people are too poor to afford to buy food. Around 1.2 billion people are absolutely poor (have one dollar a day or less to spend), while another 2 billion are only marginally better off (World Bank, 2000; p. 23) . Most poverty is found in rural areas, but with people migrating to urban areas, poverty is being transferred to cities. Smith et al. (2000) have examined three possible causes for food and nutrition insecurity: (a) insufficient (national) food availability; (b) insufficient food access; (c) non-food determinants.
They found that food insecurity is only weakly linked to national food availability. Most of the food insecure regions have a positive daily per capita dietary energy balance (DEB), ranging from a surplus of per capita kcals per day of 270 (South Asia) to 840 (North Africa). Only Sub-Saharan Africa has a Note: Malnutrition rates are calculated as the total number of underweight children in the 57 countries falling into each quadrant divided by the total number of children. Source: Smith et al., 2000, p. 207 negative per capita DEB that indicates a major food availability problem. It was also found that, overall for 57 highly foodinsecure developing countries, the majority of malnourished children (81%) live in countries that have a food surplus, while a majority (67%) fall into the high poverty category (see Table 1 ). The incidence of child malnutrition is highest in high poverty countries, while for the high poverty group, the incidence of child malnutrition is considerably higher in the dietary energy surplus group than in the dietary deficit group. (6) The overall conclusion is that food insecurity seems to be linked to poverty, rather than to food shortages or non-food determinants. Lipton (1999) points out that poverty has declined sharply in many developing countries in the period 1965-1980 (7), but that this decline slowed down after the mid 1980s. The proportion of people below the one-dollar-a-day poverty line in developing countries fell slowly between 1987 and 1998 from 28.7% to about 24.3%.
This slow-down in the reduction of poverty is associated with the fall in growth of food staple yields, which, in turn, is caused by several factors, such as unfavourable agricultural prices, the extension of staples production to more marginal areas, a slow down in spending on public agricultural R&D in developing countries, and the drying up of the relatively quick gains derived from dwarfing. The declining yield growth diminished the expansion of rural employment, and hence opportunities to earn an income that is required to purchase food (Lipton, 1999, pp. 7-9) .
Rural, employment-based income is required to reduce hunger
The most important strategy to reduce food insecurity seems to be the reduction of poverty by means of a rise in income of the poor (rather than by other forms, such as governmental subsidies, food aid or lowering prices). The publications reviewed provide an outline for policy directed at the generation of additional employment. The outline includes the following elements: (1) The poor rural population should gain access to financial resources, information, and market infrastructure. Investments also must be made in the human capital of the poor (education and health) as well as in their social capital (networks, norms, trust) (Smith et al., 2000, p. 208) . (2) Agriculture has a major role to play. Overall in the developing countries, half of the population relies and will continue to rely on agriculture for its income (see table  2 ). The poorest people live in rural areas where the local production of food is the main economic activity. Without successful agriculture, these people will neither have employment nor the resources they need for a better life. Farming the land, and in particular smallholder farming, is the engine of progress in the rural communities (Royal Academy of Sciences et al., 2000, p. 4) . (3) The rise in income should be achieved through increased agricultural productivity, generated by the application of technology. According to Persley (2000, p. 14) , economic development should take place through yield increasing crop varieties and production technologies, better access to appropriate inputs, strong extension services, improved rural infrastructure, and effective markets. Increased agricultural productivity can improve food access and improve food availability at the same time, because it raises incomes and lowers real food prices (Smith et al., 2000, p. 208) . Lipton (2000, pp. 4-5) stresses the specific role of staples production. Staples remain the main source of employment for over 75% of developing world's rural people and over 8% of its urban people. Additional workplaces can best be created in farming, because the capital and infrastructure costs for creating such workplaces are lower for these than for extra non-farm workplaces. Extra cash crops will provide some extra workplaces, but most will come from additional food staples production. However, more work in food staples is only attractive if labour productivity grows. In the large and growing majority of rural areas in which arable land is scarce, R&D must raise both output per worker, and output per hectare (yield), and the latter must raise more in order to raise work per hectare. Lipton therefore urges the need to shift the research focus to yield improvement again, away from the focus on yield stability, which he holds in part responsible for the slowdown of agricultural productivity increase in developing countries.
Biotechnology is not the 'silver bullet', but one option among others
In none of the publications reviewed, biotechnology is presented as the option to feed the world or to free it from poverty, but rather as one element of a comprehensive poverty alleviation strategy. Nevertheless, there is a striking optimism about what biotechnology could do. Persley (2000, p. 14) states that biotechnology, in conjunction with other agricultural research, may be a powerful tool in the fight against poverty. It has the potential to help enhance agricultural productivity in developing countries in a way that further reduces poverty, improves food security and nutrition, and promotes sustainable use of natural environment. She holds that GM crops are beneficial in that they improve weed and insect control, and productivity, and enable more flexible management. The new GM varieties may also require reduced levels of pesticides. Lipton (1999, p. 21) provides the most explicit view on how biotechnology could help reduce poverty. He refers to heterosis and dwarfing as the two techniques that increased yields in food staples and employment in developing countries in the past century. GM technology should serve this function in the twenty-first century, but it can only do so if the focus of biotechnology is adjusted. At present, GM research is hardly relevant for poverty reduction, for a number of reasons: (1) Current GM research is focused on species that are inappropriate for the poor, including maize, soya bean and cotton (see figure 1) . Yellow maize and soya bean are grown basically as animal feed. GM research on rice is an exception, basically due to Chinese research and public research institutes. But the budget for rice is small compared to the budgets the private corporations allocate for animal feed (Lipton, 1999, p. 21) .
(2) The trait most widely spread by private GM plants is herbicide tolerance (see Figure 2 ). This has very low priority for the poor. It displaces labour and adds little to yields. Insect resistance via a gene to express Bt toxin is the second main trait. This might raise smallfarm yields (if inserted in the right crops), but singlegene resistance notoriously induces new pest biotypes. Shelf life and other quality features respond to demands of high market segments (Lipton, 1999, p. 21 ). The few exceptions he mentions include the Fan Shen yield-enhancing rice hybrids in China, the insertion of citric acid secretion genes against aluminium toxicity into Mexican wheat, the virus-resistant genes into Colombian potatoes and Kenyan sweet potatoes, and the beta-carotene enriched 'Golden Rice'.
(3) The GM varieties released by the biotechnology companies are aimed at viable commercial farms, while the peasantry should be the target of poverty reduction programmes. Only Chinese farmers use GM varieties on small plots (Lipton, 1999, p. 22) .
Most publications stress the need for public-private collaboration, particularly in view of the breeding of crops that are relevant for smallholders in developing countries. At the moment, the private sector research has taken over the lead in plant breeding research. Because of the protection of intellectual property by legal means (patents), or with techniques (F1 hybrids, Genetic Use Restriction Technology (GURT), traitor technologies, and chemical activators), elite lines are locked in, and public research is gradually squeezed out. The public sector must maintain the freedom to operate, even though technology is increasingly privatized, in order to address poverty reduction (Lipton, 1999; Persley, 2000, p. 16 In sum, the publications reviewed consider poverty as the main determinant for food and nutrition insecurity, rather than shortages in food supply. Food is unaffordable, due to the lack of employment-based income. It is further concluded that in countries where the vast majority of the rural poor depend for their income on agriculture, economic development relies on improvements in the agricultural sector. More productive agricultural production is the cheapest way to generate jobs and income that make food affordable. Biotechnology has an important role to play, but requires adequate public sector research that has access to advanced techniques and genetic information developed by private corporations.
Vitamin A deficiency
Golden Rice is the first example of a GM crop that has been designed to combat a particular form of food insecurity, vitamin A deficiency (VAD). This deficiency poses a significant public health problem in 118 countries, especially in Africa and Southeast Asia. VAD is the leading cause of xerophthalmia or night blindness in children and significantly increases the risk of severe illness, and even death, from such common childhood infections as diarrhoeal disease and measles. For pregnant women in high-risk areas, VAD occurs especially during the last trimester when demand by both the unborn child and the mother is highest. The mother's deficiency is demonstrated by the high prevalence of night blindness during this period and may increase the risk of maternal mortality. Worldwide, between 100 and 140 million children are vitamin A deficient. An estimated 250,000 to 500,000 vitamin A-deficient children become blind every year, half of them dying within 12 months of losing their sight. Nearly 600,000 women die from childbirthrelated causes each year, the vast majority of them from complications which could be reduced through better nutrition, including provision of vitamin A (WHO, 2001) .
Only in the mid-1980s did it become evident that improving children's vitamin A status could have a dramatic impact on child mortality. In 1990, 72 governments at the World Summit for Children set the goal of eliminating vitamin A deficiency by the year 2000. A couple of years later, in 1997, 30 countries were on track to reach that goal, but overall progress was considered to be too slow. To speed up the reduction of VAD, the Vitamin A Global Initiative was launched in 1998 by the WHO, UNICEF, the Canadian International Development Agency (CIDA), the US Agency for International Development (USAID) and the Micronutrient Initiative (Vitamin A Global Initiative, 2001).
The Vitamin A Global Initiative supports several approaches to combat VAD, including dietary diversification, food supplementation, fortification of processed food, and fortification of food crops.
Dietary diversification
There is widespread consensus that a diverse diet is the best way to consume the necessary nutrients, including vitamin A. Natural vitamin A (retinol) is present in animal products such as meat, liver, chicken, egg yolk, milk. Beta-carotene, the vitamin A precursor, is found in dark-green leafy vegetables, carrots, and coloured fruits (mango and papaya). However, the extent to which vitamin A deficiency is reduced through the availability of traditional food sources in developing countries is under discussion. Many children apparently do not like dark-green leafy vegetables. The healthy fruits are often too costly, or they are sold as cash crop, while their availability is often highly seasonal. Furthermore, many vegetables bind betacarotene tightly to their cellular matrices, yielding little during digestion. The bioavailability and bioconversion of dark-green leafy vegetable sources of beta-carotene is therefore much lower than previously supposed (Conway, 2001; Sommer, 2001, p. 2) . Finally, it is obvious that most animal products are of little help for VAD vegetarians.
Supplementation
Periodic supplementation is the most widely implemented strategy for controlling VAD in the developing world. For deficient children, the periodic supply of high-dose vitamin A (either retinol or retinyl palmitate -pre-formed vitamin A) has produced remarkable results, reducing mortality by 23% and up to 50% for acute measles sufferers (WHO, 2001) . Vitamin A supplementation has increased dramatically since 1998, largely because vitamin A has been added to the National Immunization Days (NIDS). 34 countries are reporting over 80% coverage, mostly through NIDS (Vitamin A Global Initiative, 2001). Organizations involved have found supplementation programmes to be relatively easy and quick to initiate. The supplements are extremely inexpensive, at 2-4 cents per dose of 200,000 international units (IU). Most of the cost is for the gelatine capsule; the cost for the vitamin A is less than 1 cent (Sommer, 2001) .
Supplementation is considered to be safe, costeffective, and sustainable. Nevertheless, the major impediment to population-wide supplementation is the delivery system. Recommendations called for the administration of 200,000 IU every 4 to 6 months to all children aged 12 to 60 months. This requires a delivery organization like the one that has been used successfully in a number of countries, including Nepal and Bangladesh. In Nepal, 37,000 village women volunteers reach more than 2 million children during special 'Vitamin A Days', held twice a year (Sommer 2001) . In countries where the NIDS have been used, supplementation activities are uncertain. The NIDS were set up to deliver the polio vaccine and are now phasing out, while the need for vitamin A activities remains, not only to achieve progress, but also to sustain the progress made since the Initiative began (Vitamin A Global Initiative, 2001).
Fortification of processed food
Fortification of food staples like flour, sugar and margarine can help end VAD. Fortifying dietary items, such as milk, margarine or cereal products, with pre-formed vitamin A or beta-carotene is a proven strategy, used in all high-income countries throughout the last century. Developing countries have experimented with fortifying a range of products with vitamin A (monosodium glutamate, wheat, noodles, sugar). To date, only sugar fortification, primarily in South America, has taken hold (Sommer, 2001) . The major limitation of this strategy in combating VAD is that those people most prone to VAD have least access to processed foods.
Fortification of food crops
The second approach in food fortification is the breeding of crops that are beta-carotene-enriched. GM technology has been used for this purpose by Monsanto, which has produced rapeseed and mustard seed, rich in beta-carotene. 'Golden Rice' is another example of food crop fortification. To what extent this rice can be expected to reduce VAD is, as yet, subject to speculation. The pros and cons of the new approach are discussed below.
Is 'Golden Rice' reducing nutrition insecurity?
Before we start to assess some of the characteristics of 'Golden Rice', it must be reminded that it will take many years before this rice may fill the bowls of consumers. So far, only experimental strains of a temperate rice variety have been produced in a Swiss glass house. Early in 2001, samples of 'Golden Rice' were handed over to the International Rice Research Institute (IRRI) in order to develop tropical varieties (IRRI, 2001a) . Research in public centres in Southeast Asia, including India and China, is expected to follow soon (Lorch, 2001, p. 20) . The mapping of the entire rice genome -announced in January 2001 by Syngenta and Myriad Genetics (USA) -may be a crucial condition for that. Still, it will take at least three to four years before 'Golden Rice' can be tested in field trials, and another two years before seeds of the rice will reach farmers (IRRI, 2001b) . As field testing of GM plants is controversial, the testing phase may take longer if agreement among all societal stakeholders fails.
That 'Golden Rice' has been hailed by the industry as a prominent new strategy to control VAD is understandable. Unlike fortified processed food products, rice is the dietary staple of many deficient populations. Fortified rice is therefore potentially more effective. The bioavailability of beta-carotene of the first strains is reportedly around 10%, which is not considered to be very high (Nestle, 2001) , but this percentage may increase in later varieties. 'Golden Rice' has more positive features. It is the first time that GM technology has been used to address a major food problem in developing countries. There is no profit-seeking motive, it is intended eventually to release the variety to farmers free of charge, and farmers will be able and legally allowed to reproduce and exchange seeds of the variety freely. In this sense, 'Golden Rice' indeed fulfils many of the wishes that have earlier been expressed by those questioning the value of biotechnology for the rural poor in low and middle-income countries (see e.g. Pistorius and van Wijk, 1999; .
Still, 'Golden Rice' has considerable limitations and has provoked a number of questions that have yet to be answered.
(a) From the reviewed selection of literature on the causes of hunger and malnutrition it was concluded that poverty is the main determinant for food and nutrition insecurity, rather than shortages in food supply. The conclusion in section two above was that the lack of rural, employment-based income makes food unaffordable. Hence, GM crops should induce an employment-intensive agricultural productivity rise. The question is now whether 'Golden Rice' serves this function. Beta-carotene enriched rice has advantages for the consumer, but can it trigger consumer demand among those who most need it? Although the intentions are genuine, and 'Golden Rice' addresses a major nutrition problem, it remains basically a supply-driven technology. 'Golden Rice' provides consumers (unwittingly) with more nutrients for the same price, but this advantage only applies to those deficient populations who have the means to afford it.
(b) The effect of Golden Rice has a geographical limitation. While rice is a food staple in Asia, it is not generally so in Sub-Saharan Africa. Rice production in this region accounts for less than 2% of the world's total rice production, with three countries (Ivory Coast, Madagascar and Nigeria) providing more than 60% of total rice produced in Sub-Saharan Africa (FAO, 2001) . This means that alternative strategies to combat VAD should prevail here. Sub-Saharan Africa is the only region in the world coping with increasing national food availability deficits, and it is the region where the incidence of VAD is among the highest in the world. The number of malnourished children in Sub-Saharan Africa is forecasted to increase by about 30% to reach 40 million in 2020 (Pinstrup-Andersen et al., 1999, p. 18) .
(c) Questions have been raised about the bioavailability of beta-carotene in 'Golden Rice'. It has been argued that rice containing beta-carotene is unlikely to alleviate VAD, because several factors prevent the effective utilization of the beta-carotene. The digestion, absorption, and transport of beta-carotene require protein and fat stores. However, many vitamin A deficient children also suffer from protein shortages and intestinal infections that interfere with the absorption of beta-carotene or its conversion to vitamin A. The limited effect of beta-carotene in such situations is not typical for 'Golden Rice'; it also is an important constraint for the utilization of local, traditional sources of beta-carotene. The limited bioavailability of beta-carotene is considered to be the main reason for the high incidence of VAD in countries where food sources of beta-carotene are plentiful (Nestle, 2001 ).
This would argue for the supplementation of vitamin A as a more effective strategy to alleviate VAD.
(d) 'Golden Rice' is a transgenic product and this requires ample research on potential risks for human health. Like any new food, the product may also be a source of allergens that should be checked (Nash, 2001) . A strict risk assessment is required, even though the relative risk of 'Golden Rice' as compared to other risks for human health may be found to be lower in low and middle-income countries than in most high-income countries. (8) (e) The release of a GM crop involves potential ecological risks. Whereas public suspicion of GM technology may be exaggerated, concern is not illegitimate as adequate knowledge of what GM plants do to other plants and organisms is as yet lacking. The ecological effects of the 'Golden Rice' technology therefore require serious attention. If 'Golden Rice' is going to be widely distributed across developing countries, every country must have an operational and effective institutional framework to test and monitor the ecological impact of the crop. This requires not just laws, but also transparent, workable procedures, and sufficient and skilled staff that can be retained for a long period. These are requirements that are hard to satisfy in low and middle-income countries at present. Evidence from Argentina (the world's second largest producer of GM crops) and Egypt shows that the design and administration of biosafety institutions in developing countries may face considerable challenges (Burachik and Traynor, 2001; Madkour et al., 2000) .
(f) While farmers are given the prospect of saving and exchanging seeds of 'Golden Rice', unhindered by legal or technical obstacles, the use of the technology by IRRI and other public institutions depends completely on the goodwill of industrial patent holders. The donation of the technology by the industry is to be welcomed, but must also be seen in the light of the tremendous challenges the industry is faced with as regards the introduction of GM food products in some regions of the world. We may expect that, apart from being a demonstration of corporate social responsibility, the donation by the industry is also a pragmatic move to improve its public image in the targeted main markets for GM food. This may imply that the industrial generosity is incidental. And even if these forms of public-private partnership will recur in the near future, the public centres remain strictly tied to the conditions for use as set out by the corporate right holders.
(g) Finally we must consider the question of consumer behaviour. Are traditional rice consumers going to appreciate 'Golden Rice'? Although this GM crop is a staple food, there is no guarantee that the organoleptic qualities (colour, smell, taste) of this new variety are acceptable for the target population (women and children). There has been no indication that consumers have been involved in the design or testing of 'Golden Rice'. That this is an important issue proves the lack of appreciation of brown rice. Most Asians prefer white rice and avoid unpolished brown rice that is already rich in nutrients. It has therefore been argued that if the consumption of 'Golden Rice' would require an educational campaign, it may be easier to persuade them to eat brown rice, or to grow some vegetables in the margins of their rice fields (Pollan, 2001) .
Conclusions

